Mucous cysts of the maxillary sinus are a pathological entity caused by dilatation and disturbance of ducts within the sinus mucosa resulting from damage or blockage of the ducts of seromucous nasal glands. There has been little histopathological and immunohistochemical research about the characteristics and onset mechanism of these cysts, until now.
Introduction
Cystic lesions of the maxillary sinus are a disease encountered comparatively often in clinical dental practice.
Postoperative maxillary cyst, seen as a late complication following surgery for maxillary sinusitis, occurs with a high incidence(1), while in rare cases, the mucous cyst of the maxillary sinus is also encountered. Mucous cyst of the maxillary sinus is a pathological entity caused by dilatation and disturbance of ducts within the paranasal sinus mucosa resulting from damage or blockage of the ducts of seromucous nasal glands. Of all the mucous cysts that occur in the paranasal sinuses, those that occur in the maxillary sinus account for no more than 10％. They occur most often in the frontal sinus, followed by the ethmoidal sinus (2, 3) . Histopathologically, they are classified into non-secretory cyst（extravasation type）and secretory cyst（retention type） . The extravasation type is defined as having cavities with no epithelial lining and mucous retention, surrounded by edematous connective tissue with inflammatory cell infiltration, while the retention type is defined as having an epithelial lining derived from ductal epithelium in the cyst wall and retention of mucoid material within the cavity (1, 4) .
Mucous cyst of the maxillary sinus is also classified from the onset mechanism as primary cyst, in which outflow obstruction and cystic expansion of ducts occur due to inflammation, and secondary cyst due to cystic growth of remaining mucous following treatment or surgery for primary lesions (5) . These classifications are based on past treatment or surgery, and an association with treatment or surgery of the maxillary sinus or maxillary bone has often been discussed. Other reported causes of mucous cyst of the maxillary sinus include chronic infection, chronic maxillary sinusitis, trauma, allergy, and ectopic teeth (6 -9) . However, there are also reports denying an association between these cysts and a history of surgery, and the cause has not been firmly established (2, 10) , as yet. From general pathological points of view, these are the morphological classifications of the pseudocyst or true cyst. Despite this, however, there has been little histopathological and immunological research based on these classifications, and much remains unknown about the characteristics and onset mechanism of the cyst, until now.
Therefore, in this study, clinicohistopathological, histochemical, and immunohistochemical examinations were conducted with the aim of investigating the characteristics and onset mechanisms of mucous cyst of the maxillary sinus.
Materials and Methods

Materials
The materials used were pathologically diagnosed mucous cyst of the maxillary sinus that was surgically removed from seven cases between 1999 and 2011 at Nihon University Hospital at Matsudo. A breakdown of the seven cases is shown in Table 1 . This study was conducted with the patientsʼ informed consent, with full consideration of privacy, diagnostic results, and their management（Ethics Committee approval No. EC 12-001） .
Methods
Extracted specimens were immersion-fixed in 10％ neutral formalin solution for 1-2 days at room temperature, and paraffin-embedded blocks prepared according to usual procedures were used. Thin sections, approximately 4 μm thick, were cut, after which hematoxylin and eosin stain（HE stain）was used as a general stain, and toluidine blue（pH 2.5）stain（TB stain）and PAS-alcian blue（pH 2.5）stain （PAS-AB stain）were also done as histochemical analysis. 
Results
Clinicopathological findings
A list of the materials used in this study is presented in Table 1 . Of all cysts in the maxillary sinus of 171 cases treated during the years 1999-2011, mucous cyst of the maxillary sinus was present in seven cases（4.1％） : four men（57％）and three women（43％） , with a mean age of 38.1 years（range, 21-52 years） . Only focal cystic lesions of the maxillary sinus were dealt with in the present study, with the whole maxillary cyst lesion caused by the closed ostiums of maxillary sinus were not included. The site of occurrence was the left side in three cases and the right side （Fig. 1）in four. The chief complaint in six cases was cheek pain or pressure. One case was presented to the hospital with drainage from the nasal cavity. In addition, one case had a history of surgery for maxillary sinusitis, one case a history of root canal treatment of the maxilla, one case a tooth extraction on the same side as the lesion, and one case an impacted wisdom tooth in the maxillary sinus in this study.
Histopathological findings
Histopathological and immunohistochemical results are shown in Table 2 . Histopathologically, six cases were extravasation type（Figs. 2 -3）and one was retention type （Figs. 4 -6） . Extravasation type showed retention of mucoid material in connective tissue of covering with ciliated columnar epithelium（Fig. 2） , and mucous granuloma formation consisting of mucinophage, lymphocytes, plasmacytes, eosinophils, fibroblast, blood capillary dilatation and proliferation, and bleeding were also observed（Fig. 3） . With PAS-AB stain, the mucous matrix of the mucous granuloma was stained from purplish red to pale-blue and their mixed color（Fig. 7） , and mucinophages were stained purplish red.
On the periphery of the cyst, dilated ducts with mucoid material were seen in the nasal glands, and this was diagnosed as an extravasation type mucous cyst of the maxillary sinus. In the extravasation type cyst, especially those with conspicuous eosinophils, and mast cells showing metachromasia with TB stain were also seen in three cases （Fig. 8） . The mean number of mast cells in one visual field was 4.1 cells（Tables 3, 4） .
In retention type, the inner surface of the cyst wall was covered irregularly with mainly ciliated columnar and cuboidal epithelium（Figs. 4, 5） . As for PAS-AB staining, a substance turning from purplish-red to blue and mixed color was contained within the cystic cavity, and goblet cells stained purplish-red were present in the epithelium.
Squamous metaplasia and apocrine metaplasia were also seen in part of the epithelium（Fig. 6） . Lining epithelium was missing in some places. In subepithelial fibrous connective tissue, fibroblasts, myxoid degeneration, edema, dilatation and proliferation of blood capillaries, mild inflammatory cell infiltration mainly of lymphocytes, and hyalinization were also observed. Existing nasal glands with a tendency for slight to moderate dilatation were also found around the cyst, and the case was diagnosed as retention type mucous cyst of the maxillary sinus. antibody was not only seen in the apocrine cells, but also in existing cystic ductal epithelial cells that showed a tendency for hyperplasia and dilatation in the extravasation type, and in the retention type（Fig. 12） .
Discussion
Mucous cyst of the maxillary sinus is a pathological entity caused by dilatation and disturbance by ducts within the paranasal sinus mucosa resulting from damage or blockage of the ducts of seromucous nasal glands(11). They are rare lesions that account for 10％ of all paranasal sinus mucous cysts (2, 3) . Mucous cyst of the maxillary sinus was rare in the present study as well, occurring in 7 cases（4.1％）of the all 171 cases with cysts in the maxillary sinus over 13 years.
Some reports described that this condition tends to occur in people in their teens to 30s, with the majority seen in people in their 30s (10, 12 -15) . This was concordant with the present findings. It is reported that either there is no sex difference (10, 14, 16) , or that there is male predominance 166 Int J Oral-Med Sci 11(3):163-171, 2012 Table 2 Results of histopathological and immunohistochemical staining Fig. 2 Mucous cyst（extravasation type）of the maxillary sinus Retention of mucoid material is seen in the connective tissue below the ciliated columnar epithelium（HE ×40） . Fig. 3 Mucous cyst（extravasation type）of the maxillary sinus Inflammatory cell infiltration with mucinophages, lymphocytes, plasmacytes, eosinophils（arrow） , and blood capillary dilatation and proliferation is seen.（HE ×600） . (12, 17 -19) . The present seven cases included four males （57％）and three females（43％） , with a mean age of 38.1 years（range, 21 -52 years） .
The site of occurrence is often in the maxillary sinus floor (12, 16, 18, 20) , with bilaterality being rare (14, 21) . In the present study, the cyst was on the left side in three cases and on the right side in four cases, appearing with focal cystic lesion.
In general, mucous cyst of the maxillary sinus is mentioned to be asymptomatic (12, 18, 22) . However, symptoms including gingival swelling, buccal pain, and nasal congestion were reported (19, 21, 23) . The patients in the present study had symptoms, with chief complaints of maxillary sinus pain and swelling in six patients and drainage from the nasal cavity in one patient.
Clinically, mucous cyst of the maxillary sinus is catego- Secondary cysts occur with a frequency of two (24)or five times(5)greater than primary cysts, with a high incidence in the maxillary sinus (24) . Moreover, many cases with secondary cyst in the maxillary sinus previously underwent the Caldwell-Luc procedure as a surgical method for a primary cyst, suggesting a relationship between the mucous cyst of the maxillary sinus and this procedure (24) .
However, at this time, differential diagnosis from a postoperative maxillary cyst, which is also a secondary cyst, remains problematic.
When diagnosing mucous cyst of the maxillary sinus in the present study, cysts seen to have mucous granuloma histopathologically were taken as extravasation type mucous cysts, and those that had a lining epithelium and contained mucoid material were taken to be retention type mucous cysts. Based on the definition above, six cases had extravasation type and one case had retention type cyst. A review of the head and cervical region history of these seven cases revealed that one case had a history of surgery for maxillary sinusitis, one case a history of root canal treatment of the maxilla, one case a tooth extraction on the same side of the cyst, and one case an impacted wisdom tooth in the maxillary sinus. Thus, three of the cases in this study had cysts corresponding to secondary cysts.
In mucous cyst of the paranasal sinuses, the cause of primary cyst against a background of inflammation is were suspected of having infections originating in the teeth, and in one case, infection was thought to be related to an impacted tooth within the maxillary sinus.
As mentioned above, histopathologically, six of the cases in the present study had extravasation type, which was a pseudocyst, and one had retention type, which was a true cyst. In the extravasation type, a mucous granuloma was formed from mucoid material and mucinophage, lymphocyte, plasmacyte, and eosinophilic inflammatory cell infiltration. Mucoid materials seen in the cystic cavity and within connective tissue showed positivity to both alcian blue and/or PAS, and their mixture, and they were thought to have acid and neutral mucopolysaccharides or glycogenic aspects. Nasal glands are seromucous glands consisting essentially of mucous glands and serous glands, but the mucous glands are reported to be dominant (27) . ExtraInt J Oral-Med Sci 11(3):163-171, 2012 169 Table 4 Total imunoglobulin-positive cells number and mast cell number in patients with IgE-negative cells since it is also present in apocrine-derived salivary gland tumors (32) . In the present study of GCDFP-15, positive findings were not only seen in the apocrine metaplasia but also in hyperplastic or dilatated ducts around the mucous cyst in the extravasation type and in ducts showing cystic dilatation in the retention type. Thus, the GCDFP-15 might be related to the hyperplasia and dilatation of the cyst.
Conclusion
The present study was to investigate the clinicohistopathological, histochemical and immunohistochemical analyses of mucous cyst of the maxillary sinus in order to understand the nature and genesis, and the following results were obtained:
1. Mucous cyst of the maxillary sinus was rare, occurring in seven cases（4.1％）among the 171 cases with cysts in the maxillary sinus. Four of the cases had cysts corresponding to primary cyst, and three cases corresponding to secondary cyst due to some treatments. 
